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I] n ( n it 2 ^ n <Dmk) mom 1 'U *°- 5F5>^^ ri» 

7>y^^<Ox^^Il(OA (AliKA) *feX%>%>W, 2 9 h 7 > v 
7 9 if n f> & & $ 2 /*>f 7 h 9 > i: . iffllB n 1 

9 h 7>yX^^O^X • .x* .y ^KMffiOfnO^JEfc Huffing <?)^ 2/ 1 ? 
>f b 5 > i? 9 <D3z* 0>s< — 7. - v 9f^W±<D^(DM t ]±t Wl^f 

[ft 3] n (nii2^n O^ifc) «<7)fj| lA^f-7h7> v7 9 
htzZ>n 1 V ^yVTs 9%Et, y *lH*;&*lttfa& 1 /^*°-7 b 

9 >yX^x; - 7 ^MffcoA (AliKA) M^i2^*-7 F7>y 
X * h & 2 /nM **- 9 h 7 > * # £ ^ fy ffi n IBoH i /s^f 

7 h7>yX^^O^ • J- 5 -y *Wntffitf>ftO*ffifctfrfBnffl£>£2/'* 

jk-7 h 7>yx^^^-^ • -xv < y 9mm±<Dffi<Dmi±t<Dm%'<7)m. 
*<d^-7 • y 9 mm!±mnonj±t ziimLxumzmfti.%^-mmj± 

[»^4] n ( ntt 2 ^ n«) |W| 1 p n p F 7 >y7. 
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S|lpnph7> V7, 9%tt, ^ y 9 M^W1ftWM> 1 pnp F7>vX^(7) 
Xv^ff?)A (AliKA) fgrC£>£f&2 p n p h 9 > V 7 9 ft nmfrhte 
Z>%2 pnp fflgEftt lSIf*2 pnp h7>y'X^S^ 

£ «*&-r & m« t , m w em?». <o h-me * mm -r & mmm ^&t*tm*- 

HuffiHl pnp h 7 > y ^ ^ O 3 1/ 7 ^ lift $ tL, UtrfE&l pnp 

h 7>y^^H^(0x> -7 *tiflfiE*«SK&«S$*i, tuffi^ 1 p n p h? 

1 p n p f7>y^^f<7)Hk (k!i2^k^n©lt) #B4>^1 pnpf 
7 > ^O^-^. £ (k - 1 ) #1<7>H lpnpF7 >v**<7)j^ v 9 tli 

HUfE^2 p n p h ? y V 7, 9 ffi-<D^A <Du V 9 9 \$W:^ti, m ISH 2 pnp 
F7'/yX^wH If @Of2 pnp f7>y^?^K^(7)x< y * ft 
BufemiaK^StU ittjfBll2 p np h7>y^^i<0H l#gc7)^2 p n 
p h 7yi?X9<Ds<-Xl±lgj&Zti, mUB2 pnp h7>y^^^H2f 
B<D%S2 pnp h v >vX ? £B£< kfl<7)|2 p n p h J Z/ V X 9 <D-* — X t 
HtrSE£2 pnph 7>yX^S?)H (k - 1 ) #g<59&2 pnpF7>^? 

fjfei#g<7)^2 pnp h7>vX^Ox< y * fctfHEWiltiBfctf>IW H21@<?) 

wj $ mmm ^wm $ *l£ 2 ffio«ffiwo&iK&(±flria# 2 

pnp F7>yX^i(DH2f§Oi2 pnp h 9 > * O^-J* izmmZ 

mum&m^mt. mm n#@ <d% i P n P f7>yx^xv^ 

Zti2>W> 1 OAJlffl^b, pfBn#g<7)||2 pnp^7 ^v^^(7)i^ -y ^j&sgs 

[fflf3tg5] n (nli2^n©Si) Ml npnf 7>y^^^^ 
^ilnpnf7>y^^t J- 5 y * M«7) ? HiffS^ lnpnh7>yX^ 
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-x^y^Mft^A (A(iKA) fet^^H2 npn b7>yX^^ni7)^^ 
£fj§2 n p n h7>y^^t Tfrfaiil 1 2 n p n F7>yX^^ 

\zm%*m%-$-z>mm±, mumtumw^mm^ &m%m®^&t*m^ 

Itrlfi^ lnpnf7>v^ ?M<7)tz* <7)s<- 7 t ^ V7 7 t *U liufS 

ilnpnh7>y^ ^^^9 1 #g<7)fjl lnpnl>7 >y^^i^ y * J± 
S?*$tL, HUlB^l n p n F7>vX^OHk ( k ii 2 k ^ n <7)^ifc) § 
g^lnpnl^7> vJ* * <?)i ^ y ? <h (k-1) fgO|lnpnf7>y 
^^(7)rrl/^ ^ iiti^^^tL, mflBf^l n p n F7>y^^i<7)Hnf 
1 n p n h y > V7 7 <D n V 7 7 ItmtZmmW^W^fi, 

frlfiH2 n p n ^7>yx^'p(7)^^o^-7^h3^7^'t{igii$^l> Huffi 

W>2 n p n h 9 ?#<7)9 1 #S<7)^2 npnF 9 ^<7)i^ y 7 \t 

HUlfi^2 npnF 7 > yX ^Sf(7) 9 -fc> 2 #g Oijl 2 n p n h 7>y^ 
k (kfi2^k^n<7)^) #g<0fj!2 npnh^Vy^^iv^ 
<hflfE^2 npnl>7 > ^©9*. (k - 1 ) #@^^2 npnl>7>^ 
^(7)n 1^ * t&mWiZtl. 2 n p n h 7 >vX^#co^ n #i(0||2 

H>lf£l#i0^2 n p n V 7 ^ 7 <D^i U 7 7 i±m^^m^tlfz2 m^i& 

{iHufE^2 npnf 7>y'xySoH2f S<7)|2 n p n h 7 >v^^(7)-x^ 

mum&m^a, mm nig^in P nf7>y^^3i/^ 

$*l&fjll ^Xti^l-t, HufBn#g<7)^2 n p n \ 7 y V 7 7 <D^V 7 7 i)^ 

mzti2>m2 (Dxij^tzm*-, mum 1 (Dxtim^^mat mum 2 <dxk 

t^-t £#&£-r&5e«EES&£IIIS&o 

HtlSm^lJ^l^fillSftii'IiIfl^llx., ltmMl*^iPSfl^Ay^Jf*7-te-y b 
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[It*^7 3 n (nii2^n<7)lt) p n p l«7>y^^^i 

y?ffi*f<7>A (AttKA) fflre**#2 p np b 9 ^^n l@7)><b& 

£112 p n p h?>y^^t, «flB# 1X1^*2 p n p h7>y^?S^ 

miM 1 p n p b 7yy^^#<0^W3l/^^liitt$n, lulSH lpnp 

b 7>yx^^<^)x^ y ^ti«nBma£asj»c»a$tt. mum pn P ^ 

>y^^^H lfgoll p n p h^y^^^-^iiliSii, iftfBIS 
lpnp h7>y^^^(7)Hk ( k ti 2 k ^ n #I<*>&1 p n p b 

7>V*9<D'<-7.t (k - 1) #B<7)^1 p n p h9> c JX?<D^$ v 9 tit 

hu!EH 2pnp^7>yX^ S£<7)5£* o n V * * (±^% $ *u mtZM 2 p n p 
b 7>v**S£e9^ *, nf§Wi2 p np h7>y^^^^<^^x^ > y * |j 
flfSE*aESU::«Mft$*L, frffi^2 p n p F7>y'X^(7)H 1#B<7)^2 p n 
p b jy'JXiKD^-XiZmj&Ztl^ SyfSH2 p n p h7yy^^f(7)Hkf 
B<om2 pnpl>7 yV7s9<r>^— J* t (k - 1 ) #@<50^2 p n p b y > vJ* 

lliffEn#goai2 p np F7>y7;^(7)x5 ? fiHE^atflSCfc 2 HO 

n*mw.w.mw^m*, mi n # a ?>f& i p n P ^vyx^x?.^ 

5e*JEH£lsll&Ki5V>-t\ 

[IS«8] n (nli2^nOlt) fiO$l np n f7>y^^^C>^ 
np n F7>y^^t .x.^ y^Ma^frfS^l np n Yy>^^^<7) 
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^fflfWA (A(± 1< A) f&"C£>*8l2 n p n h 9 > *3& ? nlB7>£>& 
^i2npnf7>y^?ff^ flfrfflt& 1 WH2 npnF 9 > v**f£tf>^* 

^ 

llnpn h7Vv^^f(OH 1#S<0^1 np n F7>yX^x< y 9 (i 
SMfcSfl, HUieHl n p n h7>v^^i<7)Hk (kli2^k^n«It) # 
1<9& lnpnF y * t (k - 1 ) # gOfjl 1 n p n h 9 > v 

**Onl^* tfigM^Sfi, HUlBUl n p n h7>yX^^Hnf 
1 npn F7>yX^3l/^ (± grlBV^ t'^^c $ *U 

HtrfaH2 npn b7>y^^S©^^-Xfc3l/^^i:lig3|$n, tuffi 
|2npnF 7>y^^fOH lf§«Oi2 npnF 9 ^^^x? * f± 
Huie^2 npn h7>y^^«Hk ( k ii 2 ^ k ^ n <7>S£&) $ 
g c7)fj| 2npnl<7>y^^ O-x. ^ y ? t ( k - 1 ) #g <Df£ 2npn^7>y 

flfSn#g<7)||2 n p n h 7V'^^3l/^ t mrfsmit^ £ OPBtC 2 m<7) 

flF3B2yftJi*BflU\ ilnpn^yy'X^ RVx * -y * IBflW^IE* 1 n p 
n h 7^y^^x> y ^||(7)A (A(± 1 < A) M-S$2 npnl>7>y 
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mm i n P n h ?yv7,9<D^-^$>io ^ mmm 2 (Dxti^immm 2 n P 

huIB^ lnpnh7>y^^x>^ (imff£ffiMtc^£ ti, itufefjl 2 n 

[W^l 03 lf*^9tC|E«<?55£«£EI&^|5IK-C*or, 
mtmmmm^ii, m (mli l ^mOlt) lnpnFr/yX^^ 
np n f7/y^^t, .x * y ^SSt^ffi^l np n 
^^•^ISWA (A(± 1 < A) jgf^i2npn F7>y^# m »f, 
^^2npn F^yy^^^^Cfi, 

BUlSH 1 n p n h 7 9W<D$fr 1 n p n h 7 y ~J 7 9 <F>Jz* <r>s<- 7 t =? 

V? 9 tli&mZtl, llnpnh7^/7^Hk ( k (± 2 ^ k ^m<7)^ 
S)fl©$lnpnl«7^^^^ (k-l)ti<7)ilnpnF 
5> '^^ x ^ y*fcttgMSS*i^ lufS^l n p n !>7>yX»H 1# 
E<Dmi n p n h9>^^03l.^^jJiKriaiSttWSrfllJa^&»l n p n h 9 
yV79(D^^ y huIS^ 1 n p n h 7y~s7 9&<Dd *>m#g<7) 

BUl2^2 n p n I- 7 y V7 9&<7>%2 n p n h 7 > V 7, 9 (7)Jz* <7)^<- 7, t 
V* 9 tltWrfcZti, l2npnh7>y^»Hk ( k (i 2 ^ k ^mO^ 
»)fl^2npnF7>^^3l/^l: ( k - 1 ) #§ o& 2 n p n h 

***:f±SH*$*u mmm2 np n Fr/y^^n i# 

§0^2 np n h7>VX9<Dau? 9liMUmW}tt*mJ&i-2>m2 npnl-7 
>v*??>x=; y^KgH^fL, tuf£^2 n p n h7^yX^<7)Hmf go 
H2 np n hryy^^i^ -y * *illitffi*sfcaSK:«M8$ ft* £ t *mWLt~TZ> 

[0 0 0 1] 
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[0 o o 2] 

^iv^tffi (VBE) dtttfii^ y ?mm<Vg:%& (-ftcioh, Nfg 
) A^f-7^7>y^?PNl 1 <0 v B E t (D^ ( A V B E) T^IE^Mf 14 
SrflJffiU M::5:-5 id K (1) ^^HU^W^H 

[0 0 0 3] 

[mi 3 

VOUT-a A VBE + VBE-a — 1 n (N) + V B E ^ 1 . 2V (l) 

q 

[0 0 0 43 

q : Sftf 
t : fijt 

a = l+R2./Rl 

/^*-7fr/yX^PN2 UPN1 1 (DMfitittf 1 : 8 *IJt <7)*§£\ a 

(mmmm^o p 1 <dbb;u- yspjf§) 1 3 mm t%z> 0 

[0 0 0 53 

MS»ii*SSO P 1 <Dm^-y'mm%x. PNP/^ 7l>7> * 

fi^-r YW^itx^h(D^\ v s s v tmcoj 

<, mm^&^z v ?*%^itmmt3*z.t>tiz><Dx\ Rizxjji&fc, R2£ 

»*l£ffifc1-ailMBiai&i:9Miiii:«r !K fWi (R1+R2) /Rl = l+R2 
/Rl=a£&& 0 iot, ^^ttfiMl&lifilHlKOP lOA^m^WSrV 
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[0 0 0 63 

& (#!lx. f£\ #fr:£fifc 1 ) o 05^06 <nm&lt PNP /sf 7h7>y^^ 
[0 0 0 73 

MKjlitl^OP 1 CO 2 o(7) A^J^?- ( + , -) <D&*lz, x>7?®i^ 
S MtiiN I 1) NPNh7>y'X^ (NPll-NPln, N P 2 1 ~N 
P2n) ^^t-MU MKnffl£iitflJ8Mai-&£. tici 19, 1 

a v b e <7>mfi^^n^-r & (dx\ nitnAVBE comum^mw)^^ 0 P 

l»2o«AM^ ( + , -) <7>Ktc||^i-* 0 PMOS FET (PI, P2 
) cow (*-**;HB) /L C*-**;^) +h-fX£^L < 1"* <h. -£ti<?ti<DW. 
fllNPN/^sK-? b ^^^^tcH^L^fltflt^aE^ VOUTmEE(i (2) 

[0 0 0 8] 
[ife23 

VOUT=a n A VBE + n VBE = n (a AVBE + VBE) = 1. 2nV (2) 
[0 0 0 9] 

±fEm#£ l/nCtS:ti:J: OHUOEU&fcl^&H 1. 2 V^#£>*i& 0 
[0 0 10] 

&ltm4<D®&tffl^T*$>2><DX\ mtl* 1/nfgU 1. 2 V fclffc^Kli 

ttCcfcoT, B4O|III&fc#LTig&^b&*0ftS o 
[00113 
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#ft£iiK2) o 

[0 0 12] 

mw&m 1 3 

#^¥8- 4 4 4 4 9^$R 
[0 0 133 

*m%mm 579624 4^«b#, f i g 1 - 3 

[0 0 143 

±JELfc«fc-9fc, 1£*tW4mS:^r-r*5e«£EIS^EIKi: LT«\ HI 5 , El 6 O 
&03&*#x.£>;H*j&*, h (1. 2Xn) 

V&S&£S*fc&K 1/nfgU 1. 2VJ#4^%^o (1. 
2Xn) V£JL±omW«ffi-C»^$**^5?3&**»), &«ffiftfi^{g$t^f[;£|Bj 
H# HjUft-t 2> - £ L PbIS^ £ o 

[0 0 153 

[0 0 163 

Z> Z\ b. i<z & %> 0 

[0 0 173 

[If a Sr & CO ##53 
ffij&g 1 coH^fi, n (nfi2^n0^m) Pll^*-7 F7>yX? 
^ f> ^ ^ 1 1 * - 7 h 7 > ^ t L i B^^ltffEU 
b 7 >y^^x; y ?mm<?)A (AliKA) ^^t2^U*-7 h 7> 
y^ * ri« n ISrt* <b * & m 2 /*>f 9 h 7 y VTs 9 ffi t , strlfi nfl(^)il/i>f^ 
-9 h7>yX^^<7)^-7, 7 *K^JI<7)ft]Ofl£ffit mUnm<om2 
^4^-7 Y 7 > v 7» 9 <DJz* (D^.~ 7s • Jt< y 9 P^mffiOfPOmJE t <D%ift(D 
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[0 0 183 

IS«2 0^(i, Iff^l KfEm<7>^mEE#&£IIIS£K£v>T, HufBM^mEE 
[0 0 19J 

|f^3 0|§H^(i, n ( n (i 2 ^ n (^li) i^i 1 *°- 7 h 7 > ^ 
1 7 f 7 >VX ^Si, X ^ ®^7> ? HU|2^ 1 ^ V 

h 9 y 9<D3-< y 9mW.V>A (AliKA) fgt^at2^^>f-7 f 7> 
^ j&* n Wi h & h m 2 /U 9 h 9 > * <h . fT3E nlOilAM*' 

mm £ #§£1- & mfrw.&§£tk^& t * m *. , m i bh^^ mj± * **n l £ *je t m 

fan1H0H2/^>f si? -9 f7>y'X^O^^-^ • j. 5 y * p B imJ±^#n<7>m 
[0 0 2 0] 

m$L1&4<D&mt, n (nli2^n(7)IS[) 1 p n p h y > 9 frh 

^^Hlpnpf7>y^^St < y *M8fr&*irfEI£ 1 p n p h 9 > * 
<7)jc^ y ^®t<7)A (Ali 1 < A) ^ibh%2 pnpl-7 >V XPWn&ifrh 
%Z>m2 p n p H^y^^St, MUmiR?fm2 p n p F7>y^^^ 

* en * mttst h nmm t , mtm^momwi * mm -t & *iftfw»^g t 

x., IfflSBtl 1 p n p h 7>zsX?W<D3z*<7)xl<? frffifg 1 p n 

p F7>yX^^©x; -7 *M±ffi!EW8fcWK«MS5$*i, milB^ 1 p n p h 
9>v^^^O-5*> If lOf 1 p n p f7>y^^^-Xli!i$ti, pfE 
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Ilpnph7 yi/7,9n<D*) % k (k fi 2 ^ k^ n<D^W) #B?>ffl lpnp 
h 7 > VTs 9<D^~7, «h (k - 1) #gO&l p n p F7>y^^x^ ? 9 t 

imzxzti, mum2 p n p h7>^^^^3uniisi$n, mris 

|2pnp F7>yX^^(7)H lfl^2pnp h 7 > * < 5fe* CO 
y ? l±mUW,%LMfcfemzti, BufS^2 p n p h 9 y -J 79^(^0 h if i 
<7)0 2 p n p h 7>y^^ (7)^-7, fjfBfjl 2 p n p YyyV^tm 

^^2f@Oi2pnp h^>v^£P£< kfl«|2pnp 

<hiu|B0 2 p n p h ^>vX^SfC0 9 (k - 1) #gOf£2 pnpf 
9>^**<7)jr.^ -y ^ liuffi 1 #a<7)H2 p np F7>v^^x 

t2 2m<vmKm<D&m&Mm%zm2 P n P v 7 y v 7 ?w<n^ 2mu<D%2 P 

pnpf7 >y^^x^ y ?&mmztiZ>m 1 <7)A7^^T-«h, ftufB n #g Of! 
2 p np F7>y^^x^ ^ ? riqgigfcS fi%> % 2 <DAt)*mT- 1 Srfitx., fffB& 

i oA^^T-omf5<htuiBii2^A^^Tomfi<h^i:tc^-i> «t 9 frism 

[0 0 2 1 3 

|f^5C0H^(i, n ( n it 2 ^ n Ogifc) Ml npn F7>y^^^ 
*^llnpnF7>y^^^ j. ~ y * ®ff rt ? BU IfiH 1 n p n h 7 > 9 
<F>3-\ v ^B^COA (A(iKA) f5T^^|2 np n F^Vy/^^^ni^^ 
&&H2 n p n f7>y'7,^i^ ituffifg 1 S.^2 n p n h7>y^^S^ 

* Wat®*:, ^fBwaEasowatiiwftii-imatiiMiai^gt 

x.> fulfil lnpnF7>y^ *i£c9^c* co^-* £ n V? 9 tii&mzti, M 
ISS lnpn^>y^^ 3£<7) Hlfl^fl np n F7> * (DJ- ^ y ? 

itmni z ti, mum 1 n P n v^yvy,? w<d -£> k (kin^k^n o^iso 

#g<7)fj| InpnF ^yV79 <D^-< -y 9 t (k - 1 ) #i<7)|£ lnpn^y 
V7.9<ryu V9 9 titm^H, rni^m 1 np n h 7 > yX *i£<7) ^ % n $@ ^ 
UnpnF 7 yVTsftn-n V 9 9 imtZW&^W^fi. mffiBII 2 npnF 
7y^X?W<Djz*<Ds<-Xt=tU? ? tli&WiZti, mUm2 np n F7>y 
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l#g<7)|jl2 n p n h7>v^<7)^ -y ? £ ti, mrfe^2 

np n l-7>y^3'^H2fg(7)|2 np n f7>y^^^i< k ( k (i 2 
^k^n«) f§0|2npn h7/yX^Ox> v 9 h?ft%ZW,2 np n h 
7 > v^^lfO^ (k - 1 ) #g<Dfjl2 npnF5>^^3l/^ £ Jig? 
ttSfl, huIEU 2 npnf 7>z?X?W<Di n#g<7)fjl2 npnl>7^y7? 
<7)n ^(±«HB*a£iKHS5tl$ii, Miei#BOS2 n p n F7>y^^3 

i/ * 9 \*mm izmm $ 2 m^mx * ^ l T«ris*atas( $ *i, friBis^i 

I^)|2npn^>^^iv7^ *U ^rffiWsEflHIftl^gli, tufS 

nti^ll np n F7>y^^(03k7^^1$ii-SilOA^?-t, itu 
ien#ao^2 np n h 7 > ? O n !✓ ? ? ti&m 2 <DXti^ t £ 

[00223 

[0 0 2 33 

W^7 0^{i, n (nli2^n«) Ml p n p F7>y^^^ 
4^1pnph7>y^^fc, iv;^ M#7^lu fBfjl lpnpF7>y^^ 
Ox>^IfOA (AttKA) ft^i2pnpF7>y^?^n»f, 
ft4*2pnpF5>^^St «flB*lX« f i2 p n p h 7 >^^0* 

x., UtTlBSI lpnpl>7>y^ ^^(7)^^co=J 1x^7 ^14^%$^ 1 p n 

p F7>y^^^Ox> y *M±ifflffi*ifeigfc&«5$*i, ifffe^l p n p h 
7 yi?X9W<Do*> lfBWilpnpF7 >VA?<Ds<~-XtemMZtl, BUfE 
Hi p np h 7 y^^ff^Hk (kii2^k^n(0lt) fgoil p n p 
!>7>yX^^-^i: (k - 1) f|(?)|lpnp^>yX^^i^7^t 
*t> ffSE^2 p np h7>y^^i^ (D i v ? ? £fi^ iffiSE 
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|2pnp h7>y'X^i(0HnfS^i2 p n p h v > *~ < 3c* <7) 
y ^ti«riB*a£iB»3©j||SH, p n p h7>y^^^Hlf§ 

W|2pnp h7>v^^<7>^-^(i^ltfa^n, mrfB^2 p np h^>vX^i¥ 
<7)9 kf gOi2 pnpf 7>y^^O^-^t (k - 1 ) f|©|2 p n p 
h^>v^^(7)i^ -y ? t Ji^^tl, HufEn#i<7)^2 pnp^Vy^^ 
J- * -y * IffiS&tttftiB CO HQ K 2 flO*£j5tj&*i£7!l KgM£ $ *u M$tt%L&m^&L 
J±, mrfifin#@<7)^l p np H^y'^^i^ >y ft&fg 

fcfcfltx., huIB^I OA*^^m^tmfieil2^A^^<0«fit^L:tc^ 

pflE««^^(iH»Jii|is^*#x., MfEMIfr^i|E3f<7>A#&lf*7*r 
•y h W-^<DfiS#tt^tt^ i i: t^o 
[0 0 2 4] 

m^mSVmXte, n (n[i2^nOll) |«ilnpn^>yX^^ 
&&fjll npnl-7 > y ^S^^huISH 1 n p n h 5 >vX ? 

<7)o^ 7 y~®1*<7>A (Att 1 <A) f&Tab^>H2 n p n f>7>y7^^nW^ 
&&H2 np n h7>y^^Pt BufEifl 1 /3.<7i| 2 np n h7>y'X^^ 

x.> BtrfEU lnpnF7 > ?&<Djz* (D^-X t u V 5 9 t f±3iM£ ti, m 
IEH InpnF 7>y^^®9*) 1 #@<Olfl lnpnf 9 > ^?Ox5 y * 
llgMlfeSti, HfrfB£l n p n h7>y^^foHk ( k f± 2 ±2 k ^ n <D&m 
mU^m InpnF 7>y^^<Dx^ y * £ (k - 1 ) fgOfjl lapnl>7> 

mflE^l n p n 1^7>yX^Hnfl(7) 
Hi npn h5>^^3l/^ ttflTlBWSESl £gM£$ ft, mifEH 2npnf 
^>vxrf£o3c*c9^-*£rrl^* £te^3i£ft> ffigEft 2 np n 
X?l£<7)9*> If g<7)i2 npn l-^yX^x^ -y^ti^ite^ft, hu IEH 2 
npn F7yyX^ff(?)Hk (kli2^k^n(Olt) f §^i2 np n Yy 
>y^^x^ -y * t (k - 1 ) fg<7)i2 npn F5>^^nU^^tl± 
3fic2ft, l!ifiEn#g cofjl 2 npn h 7 > v r * * <7> 3 U ? 9 t IftUnmW t O m 
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T-omis: t mum 2 o Ati^T-^mfi t^maz^^x^Ky iietiioi^ 

[0 0 2 53 

if*]® 9 (Df&wity a>*hm$££ s <D^i*tifrizmm<7>7z i mj±§£tkm& 

llnpn h9>v**Ox* y^MffOA (AiiKA) f&T?*££2 np n 

h 9 > v * * a* t, * %> mm* t , hu nrnmn K*at & *> nmm t *m x. . 

mtZ^WjtilZ, mum l #.0^ 2 OAM^^ii, huISH l (DAJj^WmU 
llnpn h^v**^-*-?*^ HUie^2<7)A^^T-{ifrfe0 2 np n 
h 7>v^^^-Xt^>oT, ttiSSS lnpnF 7>y^^x^ * *t±tfTSE 

$ *L> pftill 1 npn h7> ^ Ox 5 y ? t m%ZW> 2npnh7> v 7. ^ O 

[0 0 2 63 

ipSUJi, m (m(± 1 ^m(D&m.) lnpnt- 7 >i?X9 frh%2>% 1 n p 

n h y> V7s 9 # <h N x 5 y * Mft^frfS^ 1 n p n h 9 > * Ox 5 y ^ M 
ftOA (A(± 1 <A) fift*4f2 npnF 7 > y^ * ^mfl^c, ft £ % 2 n p 
n h 7>yX^^^$^|;fx., HufBfil 1 n p n h 7>yX^M 1 n p n 
h^Vy^^^^-^ini/^^tlii^tL, |lnpnF7>y^? 
S^O^k (kf±2^k^mOSik) flO|l np n H>yX^3k7^ 
t (k - 1) fgOll np n h7>yX?Ox^ ? * 4: figM* 3 *U BuffiS 1 
npnf7>y'X? ^O Hlf@0|l npn F5> yX * O rr v 9 9 fistTfE 
^I&*t«rflt^i-&Sll npnf7>y^^x> -y*MC^£*U HufEU 1 np 
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nhyy y'X 9 gf<7) -9 m § g <7>fj| lnpnb5>^^ ^ y 9 ItmZMW. 
M^&ffiZti, pfE^2 n p n h 9 > ^ if 2 n p n h^vv^O^* 
<7)^-X^alx^^ ^(i^M^n, |2npnh7>y^^Hk (kti2 
^k^mOli) #g(7)^2 npnb7>y^^3l/^fc (k-1) fl^O 
I2npn F7>y^^x^ 7 ^ f±«M8$ *i, itulEfil 2npnf7>y^? 
pni#l©|2npn V7>iSX?(7)?u? t&m^WjttZmJ&ir&m 
2npnf7>y^^i^ ? *KSM£S*i, itjf£^ 2 n p n F7>y^^S^ 
Hraf§^|2 np n h 7 > y^ * Ox ^ y * ttflrfBWaEiBKgMBS C <h 

[0 0 2 7] 

mi it^m^mi(omm<Dfmi^ (mi tm3<Dm&&p np/M*- 

v h J W 7* 9 is* tl p n^M #—9 h 9 > v r * 9 fr<DM^i?$> 0 > ^StfJ&KjfP 
[0 0 2 83 

-cOTEmffiH^HII^^, n (nl3i2^n<D^m 1@<7>H 1 p n p h 7 > 9 
(PN21-PN2n) ^^^Ilpnpf7>y^?ff^ J- ^ y 9~mm& 
|lpnpF7>^^Ox^ y^ffi^coN (Nfi 2 ^NtOlt) f&-C&&il2 
pnp F7>yy;^ (PN1 1-PN1 n) T^nlS^ib &£fj| 2 p n p h 9 > v 
**S££, 1 1 S^l 2 p n p F 7 >y7; ^iO^^ ClI^Mf^SaS ( 

pii-pu, P2i-P2n) mmmvmmzmm-t znffi.mm^&t 

LT<7)MRji#i|JlOP l t^Ix.ti/^ 0 
[0 0 2 93 

llpnpF 7>y^?I^W3 V? |lpnpf7>y 
y^[it'I?St:ii§tL, llpnp F7yy^^I^H 
1*1(7)^ 1 pnp f7yy^^PN2 1 <D^<-7 ft, |lpnpf7 

> ?tP<7)^ k ( k ti 2 ^ k ^ n c^ifc) #g<7)|jll p n p b^>v^*p 
N 2 k^-^ <!: (k-1) f@Wilpnpb5y^?PN2 ( k - 1 ) <D 
9 fctt«M££*l, |2pnp h 7 y V 7 9%t<D$:* (DU V 9 9 Itmm^tl 
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, |2pnpf 7>y^^W^ *> 1#@<7)^2 p n p h 7>y^^PN 1 U 
m<Jz*<VJ^$ y jUtUffiMKmmzti^ %2 p n p h7>y^^^H 1# 
@Ofg2 pnpF5 >y^^PN 1 1 <7)^<-;Mi^tti£ *u |2pnpf 7>v 
* *f*0-? *> 2#BOf|2 p n p F7>y'X^PNl 2 £P&< kf@W|2pn 
p h7>y'X^PNl k^-^t$2 p n p h7>yX^SoH (k- 1) 
S@<0|2pnpl>7>yX^PNl ( k - 1 ) <D*- ^ v ? t ii&mZ ti, 1 # 
§<?)i2 p np F7>yX^PNl 1 <7>J^ y * tftlt «0H|fc 2 IHO^fctR 
1, R2 3&TO?!!KSMfc$;fc, ^0]|[^JtcS?ft$*L}t2ffl0Sta;|BI«)«aE^J±2# 
g<7)H2 p n p F7>y'X^PNl 2 <7>^-X tL& 0 
[0 0 3 0] 

HlftJifiSOP Hi, n#g<7>fjll p np F7>yX^PN2n<7)xv^^ 
mm^n^mi<^Xl3^ (tA^ST) fc, nt§0|2pnph7>y^^ 
PNlnOx^ 7 ^^lI?^i20AMf CEA^SH 1 ) £ Srffix.. Hi 

[0 0 3 1] 

yX^PNl 1 (7) J- 5 7^|2pnp l>7>y^^PNl 2^-7k©HC 
ifAL, ffiR 2 ^tiliP 1 1 KgM£Lfcj£T*& 0 HlftiiilSflO P 1 

t ttl&fMKlBI tc^v^r— KcLTv^o 
[0 0 3 23 

VPIN = VBE1 1+VR1+VBE1 2 +-+VBE In (3) 
VNIN=VBE 2 1 +VBE2 2 +— +VBE2 n (4) 
VP I N = V N I NX*$>2><DX\ 

VRl = nVBE (1) -nVBE (N) = n A V B E (5) 
VVBE (N) =VBE 1 1 = — = VBE 1 n 
VBE (1) =VBE 2 1 = — = VBE2 n 
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htaho lot, VOUTIi, 

V0UT = VBE + a' n A V B E = 1 . 2V (6) 

t & 19 , ^tMf-e^-e^oTt 1 /n tcmffi£W&£^<o[a]&M^^& < 

&i9, ttz, a' n= C0*C\ a' = a / n & , 5 co 

@&&tti# i / n k l t^osi ##14 t mm %m^m mi-z> 0 

[0 0 3 3] 

IS. L> (1. 2Xn) V + PMOS FET (tliP 1 1) CO 

Von &±<Dn : MnS.tf'£^-Z:fr o tct^ ^IP/TOi, nVBE + PMOS F 
ET (UffiMP 1 1) cov o nJ^±com^Si±-ecot!j^pIfg-C^)^, fe«ffi'fb 

[0 0 3 4] 

ov>t\ ^^^^^i*iiii)s^co-^!)*iii2 n^i" 0 

[0 0 3 5] 

-co^i()lii|iS^(i, m (m(±2^mC0^) ^|lnpnl«7^^ (N 
PI 1-NPlm) ri>t>&&H InpnF 7>vX^ffL J.^ y 1 
n p n h yyV7.9<D3-^ y ^ffiffcON (Ni±2 ^NcO^tfc) 2 n p 

n F7>yX^ (NP 2 1 -NP 2 m) 7$ ? m» & & H 2 n p n h^vX* 
H 1 n p n h 7>-^?S09 *><7) If gOf 1 n p n H>yX^NP 
1 1 &^ljl2 n p n h7>^^ff(?)H^lfawi2 n p n h7>vX^N 

p 2 i^t>*&n»wt, pieMiftM^m»St^m^i-^«« (pi, P2) <h 

[0 0 3 63 

N QEAT^T-) & 1 WAiJJS^N I Nfi* 1 n p n h y > y'X * N P 

1 1 <0^-*-e&l9, t&2 OA^SS^P I N(i&2 n p n F7>yX^NP2 1 
<0^<-X-C£>& o 
[0 0 3 7] 

Ilnpnl>7 > vX * ^<7) 7 ib k ( k ti 2 ±£ k ^mC0») #@<7)^ 1 n p 
n h7>y^^NP 1 kOnl/^^t ( k - 1 ) f@Oi 1 n p n h y > 9 
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NP 1 (k - 1 ) Ox> v $ tl±W^tl, Hi np n F7>y^^NP 1 k<D 
$:*<D^-7,t^V? 9 tltmWiZtl, mflWll n p n h 7 > * N P 1 
mcojn.^ y ^litlSP 1 KgM£S*i, |2npn h 7 > *$E<7) 9 k (k 
it 2 ^ k <m<Dm%d #g<OH2 n p n h 7>yX^NP 2 k^nU^ (k 
- 1) fg<7)i2npnh7>yX^NP2 (k- 1) (0xv 7 ^fc»±»jg|$tL 
. i2npnf7>v^^NP2 k«^^-^ fcnl/^^ m 
fl«i2 n p n h7>yX^NP 2m(7)x> y 9 itMMMP 2 KgM^S *i& 0 
[0 0 3 8] 

znmmm^mzm^x^ mm^m^Ltzm^ ^^msbmzmti^mm 

J±tiK— StL^tfc8l-e3c5fei:&4o NPlmtNP2ra«OivyN J 

«tt$*L7ty- K**mt U NIN, PINcOtJt^fx.^i, -etL^tt, 
VN I N = m V B E ( 1 ) 
VP I N = mVBE (N) 

[0 0 3 9] 

ioT, VPINtVNIN^lfiiAVINIi, 
A V I N = mA VBE 

[0 0 4 0] 

^IJIIinAVBE + AVIN= (N+M) AVBE<h&£ 0 ±ot, VOU 

VOUT = VBE+a" (n+m) AVBE=1. 2V 
a " = a / (n+m) £ *K Ml: /W- 7^IJt#ri ? T^& o 
[0 0 4 1 3 

[0 0 4 23 
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mi] 

[H2 3 

ims] 

[0 4 3 
[El 5 3 
[0 6 3 

$£&<Ds*> K^r> y 7°'j "7 r l^>-*[I]g£E]-r&&o 
0 P 1 £fft3M63? 

PN1 1-PNln |2pnph7>y^^ 
PN21~PN2n |lpnph7>y^^ 
Pll-Pln, P 2 1 ~ P 2 n m?« 
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VDD 
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NP12 
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NP22 



NPlm 



N 



NP2m 
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[E14] 



VDD- 



VOUTdD " 
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Rl 
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ISf/CR 1 £ p n p h7>y^^PNl lWivy^ipnp 
^^^PN120^-^fcOW(:jfAU g$LR2^1ISPl 1 KgMTfa 
o MUjitlSffOP 1 2oco^(7)mffiVP I N, VNINfi, 
VPIN = VBE1 1+VR1+VBE1 2 +—+VBE 1 n 
VNIN = VBE2 1+VBE2 2+- + VBE2 n 

VP I N = VN I NX*&Z><DT\ VRl = nVBE (1) -nVBE (N) = n 
AVBEt^^o iot, VOUTli, VOUT = VBE+a' n A V B E = 1 

0 1 
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